SUMMARY We evaluated scintigraphy and echocardiography for the diagnosis of right ventricular (RV) infarction. Of 26 patients with acute transmural myocardial infarction (MI), six with inferior MI had abnormal radionuclide uptake localized to the RV free wall on infarct scintigraphy or segmental akinesis of the RV free wall on gated radioangiography or both. These six patients with RV involvement (group I) were compared with the remaining nine with inferior MI (group II) and 11 with anterior MI (group III). RV/LV area ratios PATHOLOGIC STUDIES have shown that involvement of the free walls of the right ventricle (RV) in myocardial infarction is relatively common.'`Such involvement occurs most often in association with left ventricular (LV) infarction, isolated RV infarction being relatively rare.' Recent clinical studies suggest that predominant RV dysfunction in patients with acute inferior myocardial infarction may be more common than previously suspected.4' 5 Disproportionate elevation of RV filling pressure compared with LV filling pressure in the context of acute myocardial infarction has been regarded as evidence of predominant RV involvement.4' 6 However, such hemodynamic alteration is nonspecific and might also occur in the presence of other conditions such as acute or chronic cor pulmonale. On the other hand, hypovolemia could mask the characteristic hemodynamics of acute RV infarction. Although hemodynamic assessment of RV function may provide important clues to the diagnosis of RV infarction, more direct evidence of RV involvement is desirable. determined radioangiographically were significantly greater in group I than group II in diastole and systole. Echocardiographic RV enddiastolic dimension and RV/LV end-diastolic dimension ratio were significantly greater in group I than group II. Mean RV filling pressure was significantly greater and RV stroke work index was significantly lower in group I than in group II. Predominant RV involvement in inferior MI may occur commonly. Anatomic and functional evidence of this diagnosis can be obtained noninvasively.
We sought a direct noninvasive indicator of RV infarction. To this end we evaluated the techniques of radionuclide scintigraphy and echocardiography for their ability to diagnose RV infarction and dysfunction.
Materials and Methods
Studies were performed on 26 consecutive patients admitted to our Coronary Care Unit with acute transmural myocardial infarction. The diagnosis of myocardial infarction was based on the clinical history, serial electrocardiographic abnormalities with the development of Q waves > 0.04 sec, and serum CPK-MB enzyme elevation. Patients were classified as having anterior (Q waves in leads I, aVL, V,6) or inferior (Q waves in leads II, III aVF) infarction. Historical, electrocardiographic and enzymatic evidence of prior infarction was similarly sought. All patients were examined clinically for evidence of valvular heart disease, left to right shunting, chronic lung disease or acute pulmonary embolism. Signs of elevated systemic and pulmonary venous pressure were sought on physical examination and chest X-ray. The occurrence of arrhythmias, hypotension or other complications was noted in all cases.
Informed consent was obtained and scintigrams, echocardiograms and hemodynamic measurements were carried out within 72 hours of admission. Myocardial infarct scintigraphy was performed 24-48 hours after admission, following the intravenous administration of 15 mCi of 99m Technetium (stannous) pyrophosphate (Tc PYP)7 manufactured according to the method of Huberty and coworkers.8
Anterior, 450 left anterior oblique and left lateral projections, each taken to 300,000 counts, were obtained at least 483 VOL 57, No 3, MARCH 1978 two hours after Tc PYP administration using a portable Ohio Nuclear Series 120 or Searle Pho Gamma IV gamma scintillation camera with a high resolution collimator. Tc PYP scintigrams were evaluated by an independent observer who had no knowledge of the clinical history or other laboratory findings. Scintigrams were graded on a scale of 0 to 4+ based on the level of radioactivity in the cardiac region where 0 represented no activity, 1+ represented slight indefinite activity, 2+ represented definite activity, but less intense than bone, 3+ represented activity equal to bone and 4+ represented activity greater than bone. Distribution of radioactivity was called discrete if well localized to a particular myocardial region, or diffuse if present over the entire cardiac silhouette. Scintigrams were abnormal if graded 2 to 4+ regardless of radionuclide distribution. In cases of discrete involvement the region of radionuclide localization was determined after evaluation of all projections. RV free wall involvement was present on the Tc PYP scintigram if radioactivity was noted in the left anterior oblique projection anterior to visualized elements of the interventricular septum, posterior and directly adjacent to the bony chest wall. Confirmation of the localization of radioactivity was obtained by superimposing outlines of the ventricles obtained from the gated cardiac blood pool scintigram or radioangiogram in the left anterior oblique projection.
Gated radioangiography with 99m Technetium albumin (Tc Alb)9 was performed 24 hours after Tc PYP scintigraphy with the same cameras. Tc Alb was prepared using the method of Dworkin and Gutkowski.'0 An electrocardiograph and phonocardiograph were interfaced to an electrocardiographic gate (Riverside Bioengineering). Counts were accumulated for 50 msec intervals at end diastole, defined during each cardiac cycle by the electrocardiographic R wave peak, and end systole, defined by the onset of the second heart sound, for a total of 800,000 counts. Thirty degree right anterior oblique (RAO) and 60°l eft anterior oblique (LAO) projections were completed within 30 minutes. Left ventricular ejection fraction was calculated from both views, using the biplane area-length formula."1 In cases of RV enlargement the inferior margin of the LV was defined indirectly by reference to the LAO projection as previously described.'2 Segmental wall motion of both ventricles was analyzed qualitatively by superimposing outlines of the enddiastolic and end-systolic silhouettes of both ventricles in the LAO projection and of the LV in the RAO projection, employing stable chest reference markers. Segmental RV akinesis was also taken as evidence of RV infarction. The end-diastolic and end-systolic areas of both ventricles were measured by planimetry in the LAO projection and the RV/LV area ratios calculated. In most cases the pulmonary valve plane could be defined, but where this was not possible an approximation was made by placing it perpendicular to the RV outflow tract and main pulmonary artery at the superior margin of the interventricular septum. The normal RV/LV area ratio was determined in a series of 25 normal patients and the mean (± SD) found to be 0.98 ± 0.19 in diastole and 1.04 ± 0.33 in systole. Elevation or depression of this ratio in diastole and systole suggested relative dilatation and dysfunction of the RV or LV, respectively. Echocardiography was performed by standard techniques using a Picker Type 561B ultrasonograph interfaced with a Honeywell 1816 strip chart recorder. A 2.25 MHz transducer with short or medium focus was used and all patients were examined in the supine position. End-diastolic dimensions were obtained for both ventricles in the minor axis. A right ventricular end-diastolic dimension of greater than 23 mm suggested right ventricular dilatation.'3 The end-diastolic RV/LV dimensional ratio was calculated.
Again, elevation or depression of this ratio suggested relative dilatation of the RV or LV, respectively. Hemodynamic measurements were obtained via a triple lumen balloon-tipped Swan-Ganz catheter with thermistor introduced through an antecubital vein and floated into the pulmonary artery. LV filling pressure (LVFP) determined from the occluded pulmonary artery pressure, and RV filling pressure (RVFP) determined from right atrial pressure, were measured simultaneously using Statham P23Db transducers positioned at mid-chest level and recorded on a Gould Brush 440 pressure ink recorder. A RVFP/LVFP ratio greater than 0.65 was taken to represent disproportionate elevation of RVFP, indicating predominant RV dysfunction and indirect evidence of RV infarction.4 Arterial blood pressure was measured by cuff and cardiac output determined in triplicate by the thermodilution technique.'4 Cardiac index was calculated as: CI = cardiac output/body surface area in L/min/m2. Stroke work index was calculated for both RV and LV as: SWI = SI X (MSP-RVFP or LVFP) X 0.0136 g-m/m2, where SI (stroke index) = Cl/heart rate, and MSP (mean systolic pulmonary arterial or systemic arterial pressure) = 2/3 (systolic-diastolic) + diastolic pressure.
Results
Of the 26 patients with acute transmural myocardial infarction studied, 15 (14 males and one female with a mean age of 58 years) had electrocardiographic evidence of inferior infarction and 11 (10 males and one female with a mean age of 59 years) had anterior infarction. Only one patient with acute inferior infarction had a documented prior infarction. Six of the 15 patients with inferior infarction were found to have either abnormal Tc PYP uptake localized to the free wall of the RV on the infarct scintigram or segmental akinesis of the RV free wall on the gated radioangiogram or both of these features. These six patients with anatomic evidence of RV infarction were called group I and the other nine patients with inferior infarction were called group II. Of the 11 patients with anterior infarction, called group III, three had documented prior infarction. None of these 11 patients had Tc PYP uptake localized to the RV free wall or segmental akinesis of the RV free wall. The data from the patients with inferior infarction (groups I and II) are summarized in tables 1-3, and those from the patients with anterior infarction (group III) in table 4.
Tc PYP Infarct Scintigraphy (table I) Five group I patients had abnormal uptake of radionuclide localized to the free wall of the RV. In addition, each of these five patients showed at least minimal evidence of uptake in the interventricular septum facilitating RV localization. All group I patients showed some LV inferior wall uptake and one patient showed definite apical involvement. In patients 1 and 3 with apparent RV involvement Tc PYP uptake in the septum and LV inferior wall were prominent (fig. Five group I patients demonstrated akinesis of the RV free wall ( fig. 3 ). In spite of generalized evidence of minimal septal and LV inferior wall involvement on Tc PYP scintigraphy, only four patients had associated akinesis of the LV B inferior wall, while only three group I patients had septal akinesis. Patient 6, with prior extensive transmural inferior infarction, had two cardiac blood pool scintigrams performed two and 12 days after an acute inferior infarction. Whereas the initial study revealed akinesis of the LV inferior wall and interventricular septum in the presence of a grossly dilated hypokinetic LV, the later study revealed interval enlargement of the RV and a new zone of akinesis in the RV free wall. None of the group II patients had abnormal RV free wall motion, but eight of nine in this group had septal or LV inferior wall akinesis ( fig. 3 ).
CIRCULATION
Mean RV/LV area ratios were not significantly different between groups I and II. However, if patient 6 with prior LV infarction and extreme LV dilatation was excluded, mean analyzed for all patients with inferior infarction, neither diastolic nor systolic ratios differed significantly from normal, probably indicating similar relative effects on both ventricles in the group as a whole. However, RV/LV area ratios were able to discriminate between those with inferior infarction with significant RV involvement and those without such involvement. In group I systolic RV/LV area ratios were significantly higher than diastolic RV/LV ratios (1.53 ± 0.76 vs 1.03 + 0.28, P < 0.05), again consistent with relative RV dysfunction. However, although in groups II and III such ratios were generally lower in systole, statistical significance could not be established. Excluding patient 6 with prior LV infarction, mean RV end-diastolic dimension (RVEDd) was significantly greater in group I than in group II (RVEDd 31 + 4 mm vs 21 + 5 mm, P < 0.005) ( fig. 4 ); RV/LV end-diastolic dimension ratio was also significantly greater in group I than in group 11 (RVEDd/LVEDd 0.65 ± 0.13 vs 0.42 ± 0.10, P < 0.005). RVEDd was greater than normal in five group I patients, but in only one patient in group II. No significant difference in LV end-diastolic dimension was found between these two groups. Mean RVEDd was 18 mm + 3 and RVEDd/LVEDd 0.38 ± .06 in group III, a ratio similar to that of group II.
Hemodynamic Data (table 3) Excluding patient 6 with prior LV infarction, mean RVFP was significantly greater in group I than in group II (RVFP 11 ± 3 mm Hg vs 5 ± 1 mm Hg, P < 0.0001). Five group I patients had disproportionate elevation of RVFP ( fig. 5 ). No such elevation was found in any group II patients. The relationship between RVFP and RVSWI is shown in figure 6 . In group 11 patients without RV infarction, RVFP was normal and RVSWI greater than 5 g.m/mi in all cases. In contrast, in group I patients, despite higher RVFP suggestive of increased RV preload, RVSWI was lower (RVSWI [g-m/m2] 3.8 + 1.7 vs 6.7 ± 1.0, P < 0.002). No significant difference in LVFP or LVSWI was found between these two groups. In group Ill patients RVFP was 6 mm Hg ± 4 and RVSWI 8.8 g-m/m2 i 5.8 (table 4) .
Clinical Course (table 3)
Among all group I and group II patients, only patient 6 had evidence of prior myocardial infarction and no patient had symptoms or signs of valvular heart disease, left-to-right shunting, chronic lung disease or acute pulmonary embolism. Group I patients all had elevated systemic venous pressure on initial clinical examination, but only patient 6 had pulmonary venous congestion on the chest X-ray at the time of admission.
The clinical course of five patients was complicated by the occurrence of arrhythmias, hypotension or low cardiac out- RVFP mm Hg FIGURE 6 . Relationship between RVFP and RVSWI in group I and group II patients. R VSWI is lower in group I patients despite higher R VFP. Further progress in these patients was uncomplicated and all patients were eventually discharged from the hospital.
Discussion
Discrete cardiac uptake of Tc PYP appears to be relatively specific for acute transmural myocardial infarction and correlates well with electrocardiographic localization of infarction.15 False positive scintigrams have been reported in association with LV aneurysms, valvular calcification and pericarditis, but these conditions were not evident in any of our patients. Among 15 patients studied with inferior infarction, direct anatomic evidence of RV involvement was noted in the six group I patients. All of these had either RV free wall involvement on Tc PYP infarct scintigraphy or an akinetic RV free wall on gated cardiac blood pool scintigraphy or both.
Further indirect functional evidence of RV infarction was provided in five group I patients by the finding of disproportionate elevation of right-sided filling pressure and RV dilatation and dysfunction on the gated cardiac blood pool scan or echocardiogram. One patient in group I with a previous extensive anterior LV infarction had an extremely dilated and hypokinetic LV and normal sized RV without disproportionate elevation of right-sided filling pressure. The repeat gated cardiac blood scan 10 days after the initial study showed akinesis of the previously normal RV free wall, RV dilatation and dysfunction. The inferior infarct in this patient appeared to involve both ventricles, although LV dysfunction was predominant and related, in part, to preexisting LV infarction. The degree to which RV and/or LV dysfunction is manifest in inferior infarction involving both ventricles would appear to depend on the pre-existing state of the ventricles as well as the relative extent of infarction. Patients with anatomic evidence of RV infarction generally revealed functional evidence of predominant RV involvement. Scintigraphic, echocardiographic and hemodynamic indices of ventricular size and function of patients with LV inferior infarction (group II) more closely resembled those of patients with LV anterior infarction (group III) than those of patients with anatomic evidence of RV infarction (group I). Similarly, in the single patient with RV infarction and prior LV infarction and dysfunction, these functional indices more closely resembled those of patients with LV inferior or anterior infarction than those of other patients with RV infarction.
Relative RV dilatation as determined from the gated cardiac blood pool scan and echocardiogram in these patients with RV infarction could possibly have been due to other associated conditions. Dilatation of the RV has been reported in association with ventricular septal rupture following acute myocardial infarction;'6 but this complication was not suspected in any of our patients. Similarly, evidence for other conditions that might have caused RV dilatation, such as left-to-right shunting at the atrial level, chronic pulmonary disease or pulmonary embolism, was not present in any of the patients.
Although scintigraphic area ratios are likely not the most precise measure of relative right and left ventricular dysfunction, they have been shown to parallel volume changes noted on invasive ventriculography'7 and have been usefully employed in the literature to document such functional differences noninvasively.5 Such LAO area measurements are necessitated by the inability to accurately define RV borders and volume in the gated radioangiogram in the RAO projection. In the LAO projection both ventricles are separated and well defined and relative area measurements are used as a noninvasive substitute for relative volumes. In a prior study using this method Rigo et al.5 determined a significant fall in RV/LV end-diastolic area ratio in patients with anterior infarction, but the ratio was unchanged in those with inferior infarction. In that study, among those with inferior infarction were three patients in cardiogenic shock who demonstrated a significant elevation in area ratio, interpreted by the authors to reflect right ventricular dilatation and dysfunction. The ratios suggested RV enlargement in an additional six of 14 patients with inferior MI, but without shock in Rigo's study. However, Tc PYP scintigraphy was not performed. These findings parallel those of the current study quite closely and RV/LV area ratios appear to identify well the subgroup of patients with inferior infarction having predominant right ventricular involvement.
The discordance observed between echocardiographic and blood pool scan RV/LV ratios was probably related to several factors. Echocardiographic ratios were generally less than blood pool scan ratios, suggesting that the maximum RV dimension may not have been obtained from the standard interspace. Also, echocardiographic ratios were derived from linear anteroposterior measurements, whereas blood pool scan ratios were derived from area measurements taken from the LAO projection. The limitations of M-mode echocardiography in evaluating patients with coronary artery disease and segmental wall motion abnormalities are well recognized.
While autopsy studies have demonstrated isolated RV infarction in less than 3% of cases of myocardial infarction, RV infarction in association with LV infarction has been found in up to 34% of cases." 6 Cohn et al.4 found hemodynamic evidence of RV infarction in only 8% of patients with acute myocardial infarction, but their series contained only selected patients with severely disturbed cardiac performance. Scintigraphy provided direct anatomic evidence of RV infarction in 6/26 (23%) cases in our series, which included consecutive patients admitted to the Coronary Care Unit with transmural myocardial infarction. In addition to evidence of RV involvement, each of the six patients had scintigraphic evidence of septal and LV in-489 VOL 57, No 3, MARCH 1978 ferior wall involvement, but often to a minor degree and frequently unaccompanied by alterations in regional segmental wall motion. It is possible in some cases that the septum and LV may-have been involved to a minor extent which was insufficient to cause discernible contraction abnormalities. However, five group I patients demonstrated RV free wall akinesis and hemodynamic evidence of predominant RV dysfunction. These patients with RV involvement all had inferior infarction and comprised 40% of all patients with inferior infarction. Thus, our findings suggest that RV infarction may be relatively common, occurring in association with LV involvement in about a third or more of patients with inferior myocardial infarction, and is generally of hemodynamic significance. In this respect it is interesting that Rigo et al.,5 using gated radioangiograms, found evidence of RV enlargement in 6/14 patients with acute inferior myocardial infarction without shock and evidence of RV dilatation and dysfunction in the three patients studied with shock.
Cohn et al.4 have recognized a syndrome of hypotension and low cardiac output in association with RV infarction and attributed this to inadequate LV filling. Plasma volume expansion with dextran was successful in restoring arterial pressure and peripheral blood flow in several of their cases. LVFP was normal or low in all but one of our patients with RV infarction, supporting Cohn's findings and emphasizing the importance of recognizing RV infarction, if only to avoid inappropriate diuretic therapy. In fact, both of our patients who were treated with plasma volume expansion responded satisfactorily. The transient hypotension that occurred in one patient following administration of sublingual nitroglycerin could well have been due to systemic venous dilatation and pooling, causing reduced filling of a dysfunctioning RV, with subsequent impairment of LV filling and cardiac output.
Involvement of the free wall of the RV in inferior myocardial infarction does not necessarily indicate poor prognosis. Only one of our patients had clinical features of shock and none died. Prognosis probably relates not only to the presence, but also the extent of RV and associated LV damage, and also to the presence of other complicating factors. Recognition of the anatomic presence of RV infarction alone should not dictate the therapeutic approach, but rather the type and magnitude of overall functional derangement should be taken into account.
In conclusion, we suggest that predominant RV involvement in transmural inferior myocardial infarction may occur quite commonly and is frequently of functional significance. Such a condition should be suspected where evaluation of systemic venous pressure is found following acute inferior myocardial infarction. Anatomic confirmation of this diagnosis can be provided in most cases by the pattern of Tc PYP uptake on infarct scintigraphy and the manner of segmental wall motion on gated radioangiography. Further indirect evidence of RV dilatation and dysfunction may be gained from RV and LV relationships noted on the gated cardiac blood pool scintigram or echocardiogram. Recognition of RV infarction will allow avoidance of inappropriate diuretic therapy and, in selected cases with low cardiac output, hemodynamic monitoring and plasma volume expansion to optimize LV filling pressure may be indicated.
